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Inhibition of Adrenergic Neurotransmission in Canine Vascular Smooth Muscle by Histamine

Mediation by H 2 -Receptors
SUMMARY Histamine depressed the contractions of dog saphenous vein strips caused by stimulation of their sympathetic nerves.
This was due to a decrease in the release of norepinephrine which appears to be mediated by histamine H ,-receptors. The evidence for this is as follows: (1) Contractions of the strips caused by activating the nerve endings electrically or by depolarization with potassium ions were depressed by histamine, whereas contractions caused by tvramine and norepinephrine were either unchanged or augmented.
(2) Strips were incubated with norepinephrinc[7-*H] and mounted for supervision and isometric tension recording. The perfusate was collected for estimation of total radioactivity and for column chromatographic separation of norepinephrine and its metabolites. is a contraction.*" 7 Analysis of the results of recent experiments with specific histamine receptor antagonists suggests that these different responses might be a result of the activation of different histamine receptors. For example, histamine H f -receptors, acting singly or in combination with H,-receptors, appear to be involved in the vasodepressor responses, whereas the contractions of isolated blood vessels are mediated by H,-receptors. 12 " 1 * Moreover, histamine potentiates the contractions of rabbit cerebral artery strips caused by norepinephrine and nerve stimulation, an effect which has been attributed to postjunctional H [-receptors. 18 The sympathetic nerves are rich in histamine; 18 -17 this association raises the possibility that some of its depressor actions on blood vessels could result from an effect on the release of the neurotransmitter. It has been demonstrated that other naturally occurring vasoactive substances, including acetylcholine, angiotensin II, and prostaglandins of the E series, can exert an indirect effect on blood vessels through modulation of the release of norepinephrine from the sympathetic nerves. 19 " 24 This effect can occur with doses which are much lower than those required to stimulate the smooth muscle cells directly.
Histamine (0.9 ^M) depressed the release of norepinephrine[7-'H] during contractions caused by electric stimulation, whereas the release of radioactive compounds caused by tvramine was unaffected. (3) The depression by histamine of the contractions and the efflux of radioactive compounds caused by electric stimulation were inhibited by an H,-receptor antagonist (metiamide), but were unaffected by an H,-receptor antagonist (pyrilamine). (4) Contractions caused by electric stimulation were depressed by an H,-receptor agonist (4-methylhistamine) and augmented by an H,-receptor agonist (2-metfaylhistamine
The present study was designed to examine systematically the effects of histamine on both the sympathetic nerve endings and the smooth muscle cells of vascular tissue and to determine the nature of the receptors involved and the dose-dependencies of such actions.
Methods
The experiments were performed on helical strips (55-75 mg) of lateral saphenous veins and anterior tibial arteries taken from dogs (15-30 kg) anesthetized with sodium pentobarbital (30 mg/kg, iv). Each strip was placed in a chamber filled with Krebs-Ringer solution (NaCl, 118.2 ITIM;KC1, 4.7mM;MgSC\, 1.2 mM; KH,PO 4 , 1.2mM;CaCl,, 2.5 mM; NaHCO 3 , 25.0 mM; calcium disodium ethylenediaminetetraacetate (EDTA), 0.026 mM; and glucose, 5.5 mM), maintained at 37°C, and aerated with a 95% Oj-5% CO, mixture. The strip was connected to a force transducer (Grass FT .03C) for isometric tension recording. The transducer was mounted on a movable support that allowed fine adjustments of the strip length. The strip tension was recorded on a direct pen writing recorder (Gould Brush 220). Two rectangular platinum electrodes (20 mm by 4 mm; 0.5 mm thick) were positioned parallel to the vein strips. The electric impulses consisted of square waves (9 V, 2 msec), from a direct current power supply with a switching transistor (RCA 1-2N-3034) triggered by a stimulator (Grass SD5).
After an equilibration period (30-60 minutes), the length of each strip was progressively increased by increments of 2 mm until the contraction caused by a standard electric stimulus reached a maximum." The length at which this occurred was maintained throughout the experiment.
L-Norepinephrine bitartrate (Levophed, Winthrop) and potassium chloride with phentolamine mesylate (Regitine, Ciba) were used to test the effect of histamine phosphate (Lilly) on contractions of blood vessel strips caused by the direct stimulation of the smooth muscle cells, whereas transmural electric stimulation, tyramine hydrochloride (Abbott), and potassium chloride were used to examine the effect of histamine on contractions caused by the stimulation of the nerve endings. In experiments using potassium chloride the concentration of this salt was increased in equimolar replacement for sodium chloride in the Krebs-Ringer solution.
Other pharmacological agents used were 2-methylhistamine hydrochloride, 4-methylhistamine hydrochloride, and metiamide (Smith, Kline and French), pyrilamine maleate (Merck, Sharp and Dohme), sodium meclofenamate (Parke, Davis), and atropine sulfate (Lilly). The doses of each drug are expressed as final bath concentrations of the salts except those for norepinephrine, which are given in terms of the free base. The drugs were removed from the bath solution by overflowing the preparations with aerated Krebs-Ringer solution at 37°C.
In each group of experiments only one strip was used from any one dog. The data are expressed as mean ± SE. Statistical analyses were performed with Student's /-test. A P value of less than 0.05 was considered significant.
NOREPINEPHRINE[7-"H] EFFLUX
Helical strips (120-150 mg) were incubated for 2 hours in Krebs-Ringer solution containing norepinephrine[7-3 H] at 2.8 x 10" a g/ml (specific activity = 6.9 Ci/mmol, New England Nuclear) and ascorbic acid, 2 x 10~7 g/ml. Then the strips were transferred to a fresh labeled solution for 2 more hours. At the end of incubation the strips were rinsed in fresh Krebs-Ringer solution and mounted for superfusion. 1 *
The preparation was suspended in a tunnel-shaped chamber maintained at 37°C; the strip was superfused at 3 ml/min by a constant flow roller pump (Holter, model RL 175) with aerated (95% O,-5% CO 2 ) Krebs-Ringer solution at 37°C. The preparation was connected to a force transducer (Grass FT 03C) for continuous isometric tension recording (Clevite Brush Mark 250). The tension was set at 2 g and the preparation was allowed to equilibrate for 30 minutes before sampling of the perfusate was begun. The perfusate was collected at 2-minute intervals for estimation of total radioactivity.
For electric stimulation of the preparation two platinum wire electrodes (10 cm long, 0.5 mm diameter) were positioned parallel to the strip and both the vein strip and the electrodes were superfused continuously. Electric impulses consisted of square waves (9 V, 2 msec, 1 Hz) provided by a direct current power supply and switching transistor (RCA 2N-3034) triggered by a Grass stimulator (model SD5).
Samples (1 ml) of the perfusate were added to 10 ml of Insta-Gel emulsifier (Packard), and radioactivity was measured in a liquid scintillation counter. Corrections for quenching were made with an external standard. The counting efficiency was 41%. Data are expressed as disintegrations per minute (dpm) per minute of superfusion.
COLUMN CHROMATOGRAPHY
Norepinephrine was separated from its metabolites in the perfusate by a modification of the methods of Valori et al. 28 and Hughes and Roth. 21 Catechol compounds (norepinephrine and deaminated metabolites) were separated from non-catechol compounds (deaminated, O-methylated metabolites and normetanephrine) and from tritiated water by adsorption on alumina at pH 8.4 and subsequent elution with acid. Norepinephrine was separated from deaminated metabolites and normetanephrine was separated from deaminated, O-methylated metabolites by adsorption on VOL. 39, No. 4, OCTOBER 1976 Dowex 50W-X4 resin.
Activated alumina (500 mg), previously washed by the method of Anton and Sayre, 17 was added to 6-mi samples of perfusate collected into glass tubes containing carrier substances (10"' g of each of norepinephrine, normetanephrine, 3,4-dihydroxymandelic acid, and 3-methoxy-4-hydroxymandelic acid), 150 mg of disodium EDTA, 20 mg of sodium metabisulfite, and 0.1 ml of 2 N HC1. The pH was adjusted to 8.4 with sodium carbonate under continuous stirring and maintained for 5 minutes. The mixture was then transferred to a glass column (internal diameter -0.5 cm) which was plugged with glass wool and which contained 250 mg of alumina washed with 0.2 M sodium acetate at pH 8.4. The column was washed with 5 ml of 0.2 M sodium acetate and 5 ml of water (collected with the effluent) and catechols were eluted with 20 ml of 0.2 N HC1 into glass tubes containing 15 mg of disodium EDTA and 0.3 mg of ascorbic acid.
Columns containing 500 mg of the Dowex 50W-X4 resin (200-400 mesh), previously cycled through the hydrogen and sodium forms and washed with water, first were rinsed with 20 ml of 2 N HC1, 5 ml of water, 10 ml of 1 M sodium acetate buffer (pH 6.5), and 5 ml of water in succession. Portions (15 or 20 ml) of the alumina eluate and effluent samples were adjusted to pH 4 with sodium carbonate and HC1, respectively, and applied to the Dowex column. The resin was washed with 15 ml of water (collected with the effluent) and either norepinephrine or normetanephrine was eluted with 10 ml of 2 N HC1. Radioactivity was measured on 1 -ml duplicate samples of each effluent and eluate. A standard sample of norepinephrine[7-3 H] was also run through the chromatographic procedure with each experiment. The overall recovery of this sample was 82 ± 1%.
Results
SAPHENOUS VEIN
Effect of Histamine on Basal Tension
We studied the effect of increasing concentrations of histamine (9 x 10" a M to 9 x 10~8 M) on 10 saphenous vein strips. Low concentrations of histamine had no effect on basal tension. The highest concentration tested caused a slight contraction (less than 0.1 g) of two of the 10 strips but had no effect on the other eight. Figure 1 shows the original record of an experiment in which the strip was exposed to increasing concentrations of histamine (9 x 10"' M, 9 x 10" 7 M, and 9 x 10"' M) during sustained contractile responses to electric stimulation (2 Hz), tyramine (10~" g/ml) and norepinephrine (10~7 g/ml). This frequency of stimulation and the concentrations of these agonists are all approximately mean effective doses (ED 80 ) for this preparation. Histamine caused a reversible relaxation of the electrically induced contractions; at the highest concentration the response to histamine was characterized by a secondary increase in tension. Contractions caused by tyramine and norepinephrine were unaffected by low concentrations of histamine; at the highest concentration of histamine there was a further increase in tension. In
Effect of Histamine on Contractile Responses
Elictrle Stimulation 9*_, 2 m$»c, 2 Hi
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FIGURE 1 Effects of three concentrations of histamine on contractions of canine saphenous vein strips by electric stimulation, tyramine, and norepinephrine.
similar experiments on strips from 10 dogs histamine (9 x 10"" M) depressed the response to electric stimulation by 40 ± 3% {P < 0.001), whereas the contractions caused by tyramine and norepinephrine were 116 ± 7% (P < 0.05) and 104 ± 2% (P < 0.1) of control, respectively. In these and subsequent experiments the tension was measured at 1 minute after the addition of histamine to the bath. Frequency-response curves were constructed from the contractions of the saphenous vein strips caused by electric stimulation (9 V; 2 msec) of increasing frequency (0.5-20 Hz) (Fig. 2) . Ten different strips were tested with each of the three concentrations of histamine. There was a significant decrease in tension (P < 0.01) at all frequencies of stimulation, and the degree of relaxation increased with increasing concentrations of histamine. For example, the frequency of electric stimulation required to produce a half-maximal response in the presence of 9 x 10"" M, 9 x 10" 7 M, and 9 x 10"' M histamine was increased by 12%, 52%, and 71%, respectively.
In each of 10 saphenous vein strips the addition of potassium (40 mM) caused a sustained contraction (4.4 ± 0.5 g). Following the addition of histamine (9 x 10"' M) this contraction was depressed to 75 ± 5% (P < 0.001) of the control tension. In each experiment phentolamine (10"°g /ml) then was added to the bath to inhibit the effect of the norepinephrine released from the nerve terminals by this high concentration of potassium." After the addition of phentolamine the contractions caused by potassium were smaller (1.7 ± 0.3 g) and were not significantly altered by histamine ( Fig. 3) .
Pharmacological Inhibitors
Experiments were carried out to determine whether the relaxation caused by histamine was mediated either through /3-adrenergic receptors or muscarinic acetylcholine receptors, or by the release of prostaglandins. Each strip was made to contract by electric stimulation (4 Hz), and histamine (9 x 10" 7 M) was added to cause a relaxation. The experiment then was repeated following incubation of the strip for 15 minutes in either propranolol (5 x 10" 7 g/ml; six strips), atropine (10~7 g/ml; six strips), or sodium meclofenamate (10"" g/ml; six strips). The reasons for selecting these concentrations are as follows.
Propranolol. In four saphenous vein strips contracted electrically (1 Hz), isoproterenol (2 x 10" 7 g/ml) caused a relaxation from 1.6 ± 0.7 g to 0.3 ± 0.2 g. Propranolol (5 x 10" 7 g/ml) inhibited this response (electric stimulation, 1.4 ± 0.5 g; isoproterenol, 1.3 ± 0.4 g).
Atropine. Previously, 10~7 g/ml has been shown to inhibit the prejunctional action of acetylcholine in this tissue. 2 
"
Sodium meclofenamate. Meclofenamate (10" 5 g/ml) has been shown to increase the release of norepinephrine in response to stimulation of the nerves in isolated blood vessels," and the evidence implies that this is due to inhibition of local prostaglandin formation.
None of these inhibitors had any effect on the histamineinduced relaxation.
Effect of Histamine on Release of Radiolabeled Norepinephrine and Metabolites
In eight strips electric stimulation (1 Hz) caused a sustained contraction together with an augmentation of the release of radioactive compounds into the perfusate. Exposure to histamine (9 x 10" 7 M) during the contraction caused an immediate relaxation which was paralleled by a decrease in the radioactivity of the perfusate. These effects were reversible (Fig. 4) .
In seven experiments samples of the perfusate were collected during three 2-minute periods for analysis by column chromatography (1) immediately prior to electric stimulation (basal), (2) 10 minutes after the onset of stimulation, and (3) after 10 minutes of histamine infusion. Electric stimulation increased the output of norepineph-Hlitamlm*. 9 * IO~7U hH. 9 M 10~7M
FIGURE 4 Comparison of the effects of histamine on tension (top) and total efflux of radioactive compounds (bottom) during contractions of canine saphenous vein strips caused by electric stimulation and lyramine (mean ± SE). n •= number of strips.
rine[7-'H] and, to a lesser degree, its metabolites. Histamine caused a significant decrease in the efflux of all fractions; the norepinephrine[7-3 H] fraction was decreased more than the metabolite fractions ( Fig. 5 ).
In six strips the effect of histamine (9 x 10" 7 M) also was investigated in the absence of-electric stimulation. This concentration of histamine had no effect on the tension or the basal efflux of radioactivity.
In seven strips tyramine, at a concentration of 4 x 10"" g/ml (approximately equal to the ED 50 under the conditions of superfusion), caused a sustained contraction together with an augmentation of the release of tritiated compounds. Exposure to histamine (9 x 10~7 M) during the contraction caused a slight augmentation of the contraction, whereas the radioactivity of the perfusate was unaltered (Fig. 4) ; control studies with tyramine in the absence of histamine showed a progressive decrease in the efflux of radioactivity which was not significantly different from that observed during the infusion of histamine.
TIBIAL ARTERY
Effect of Histamine on Basal Tension
We studied the effect of increasing concentrations of histamine (9 x 1 0 " 8 t o 9 x 10"° M) on six tibial artery strips. Low concentrations of histamine had no effect on basal tension; at the highest concentration tested there was a slight contraction of two of the six strips (100 and 200 mg) and no effect on the other four. Figure 6 illustrates the two types of response of tibial artery strips when exposed to a single concentration of histamine (9 x 10"' M) during a sustained contraction caused by electric stimulation (2 Hz). Histamine caused a relaxation of nine strips and an increase in tension of four others. In the former group the increase in tension caused by the electric stimulation was 2.5 ± 0.4 g, whereas in the latter group it was 0.7 ± 0 . 1 g. However, there was no significant difference between the two groups in their response to norepinephrine (5 x 10"' g/ml). Following a-adrenergic blockade (phentolamine, IO" S g/ml) the tibial artery strips VOL. 39 
Effect of Histamine on Contractile Responses
FIGURE 5 Effect of histamine on efflux of radioactive norepinephrine and metabolites during electric stimulation (ES) of canine saphenous vein strips (n =• 7) after incubation in ['H]norepinephrine (mean ± SE). Radioactivity is given as disintegrations per minute (dpm) x I(P per collection time (2 minutes). NE = norepinephrine; NMN -normetanephrine.
did not respond to electric stimulation (9 V; 2 msec; 10 Hz), indicating that the contractions were caused by the release of norepinephrine from the sympathetic nerve endings rather than by direct activation of the smooth muscle cells. Frequency-response curves were constructed from the contractions of six tibial artery strips caused by electric stimulation (9 V; 2 msec) of increasing frequency (Fig. 7) . Only those strips in which the response to electric stimulation was depressed by histamine were included in this analysis. Dose-response curves to norepinephrine were constructed using six other tibial artery strips taken from the same vessets as those used for electric stimulation. Histamine (9 x 10" 6 M) caused an inhibition of contractions induced by electric stimulation, whereas contractions caused by low concentrations of norepinephrine ( < 5 x 10~7g/ml) were unaffected and at higher concentrations, were augmented (P < 0.05).
MECHANISM OF ACTION OF HISTAMINE
Experiments were carried out in eight strips before and after the addition of cocaine (10~B g/ml) to determine 
FIGURE 6 The two types of effect of histamine (H) on contractions of canine tibial artery strips caused by electric stimulation (ES). A representative example (top) and mean (± SE) effect (bottom) are given for each, n -number of strips.
FIGURE 7 Effects of histamine on contractions of canine libial artery strips caused by increasing frequency of electric stimulation and increasing concentration of norepinephrine (mean ± SE). nnumber of strips.
whether the inhibitory effect of histamine is mediated by the mechanism for neuronal amine uptake (Fig. 8) . The contractions caused by stimulation at 2 Hz in the absence of cocaine and those caused by stimulation at 1 Hz in the presence of cocaine were of similar magnitude and were depressed equally by histamine. With this concentration of cocaine the contractile response to tyramine (2.5 x 10"' g/ml) was reduced from 3.0 ± 0.2 g to 0.2 ± 0.1 g (eight strips), indicating that the amine uptake pump was inhibited. Experiments were carried out with 4-methylhistamine and 2-methylhistamine. These are selective agonists for histamine receptors; the former shows relative selectivity for H,-receptors, whereas the latter shows relative selectivity for H,-receptors. J0 4-Methylhistamine (4 x 10"" M) caused a relaxation of saphenous vein strips contracted by electric stimulation (1 Hz) but had no effect on strips contracted by norepinephrine (10~7 g/ml) ( Fig. 9 ). This concentration of 4-methylhistamine had no effect on basal tension. In nine strips the response to electric stimulation was depressed to 61 ± 4% (P < 0.001) of the control, whereas the response to^norepinephrine was unaffected. 2-Methylhistamine (4 x 10"" M) caused an augmentation of the contractions induced by both electric stimulation (1 Hz) and norepinephrine (10~7 g/ml) ( Fig. 9 ). This concentration of 2-methylhistamine had no effect on basal tension. In eight strips the response to electric stimulation was increased to 137 ± 13% (P < 0.01), and the response to norepinephrine was increased to 112 ± 3% (P < 0.01) of the control. (n -8) caused by electric stimulation (I Hz and 2 Hz) before and after cocaine (mean ± SE).
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FIGURE 8 Effects of histamine on contractions of canine saphenous vein strips
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FIGURE 9 Comparison of effects of 4-melhylhistamine (H,-receptor agonist) and 2-methylhistamine (H,-receptor agonist) on contractions of canine saphenous vein strips caused by electric stimulation (top) and norepinephrine (bottom).
Frequency-response curves were constructed from contractions of saphenous vein strips caused by electric stimulation (9 V; 2 msec) of increasing frequency (Fig. 10 ). The addition of 4-methylhistamine caused an inhibition of the contractile response (nine strips) whereas the addition of 2-meth-ylhistamint resulted in a shift of the curve to the left; the ED 60 decreased from 1.3 to 0.9 Hz.
Experiments also were carried out on six saphenous vein strips to examine and contrast the effects of histamine, 4-methylhistamine, and 2-methylhistamine on responses to repetitive, short-lasting electric stimulation (9 V; 2 msec for 15 seconds) ( Fig. 11 ). Both histamine (9 x 10~7 M) and 4-methylhistamine (4 x 10" 5 M) caused an immediate depression in the height of the evoked contraction which was most marked with histamine. In contrast, 2-methylhistamine (4 x 10~B M) caused an augmentation of the contractile response. These changes in tension were reversible, though relatively slowly in the case of histamine. None of these substances at the concentrations used had a significant effect on the basal tension.
Experiments were carried out during superfusion with Krebs-Ringer solution containing either metiamide (10~5 M; seven strips), an H s -receptor antagonist," or pyrilamine (10" 5 M; six strips), an Hi-receptor antagonist. 12 contraction together with an augmentation of the release of radioactive compounds into the perfusate (Fig. 12 ). Exposure to histamine (9 x 10"' M) during the contractions caused a relaxation together with a decrease in the efflux of radioactivity. These effects of histamine were less (P < 0.005) on those strips perfused with the H 3 -receptor antagonist, metiamide. Under the same experimental conditions metiamide (10" 5 M) had no effect on the relaxation of saphenous vein strips caused either by acetylcholine or isoproterenol and did not inhibit the decrease in efflux of radioactive compounds caused by acetylcholine. In addition, the potentiating effect of histamine (9 x 10"" M) on contractions caused by norepinephrine (10~7 g/ml; six strips) and tyramine (10" f g/ml; six strips) was inhibited by pyrilamine (10"* M) but was unaffected by metiamide (10~s M).
Discussion
The lateral saphenous vein of the dog contains a relatively large amount of smooth muscle and has a dense sympathetic innervation." Strips from this vein react strongly both to activation of the sympathetic nerves and to direct stimulation of the smooth muscle cells. This makes it a suitable preparation for determining the site and mode of action of vasoactive substances. VOL. 39, No. 4, OCTOBER 1976 Transmural electric stimulation causes the release of the neurotransmitter norepinephrine from the nerve endings." Since, in the present experiments, a-adrenergic blockade prevented the contraction of the smooth muscle cells caused by the electric stimulation, it is concluded that the effects of the stimulation were confined to activation of the nerves. Exogenous norepinephrine causes a contraction by direct activation of the a-adrenergic receptors on the smooth muscle cells. It also may activate prejunctional a-adrenergic receptors; however, since this effect can be demonstrated only during nerve stimulation' 4 it is assumed that this action was not operative under the conditions of the present experiments.
Mttlamidt. I0' 3 U
The observation that contractions caused by electric stimulation are depressed by histamine whereas contractions caused by norepinephrine are either unchanged or augmented demonstrates that histamine causes smooth muscle relaxation by an action on the sympathetic nerve endings. The localization of the depressor effect of histamine to the sympathetic nerve ending is given additional support by the studies with potassium. Potassium, at a concentration of 40 mEq/liter, causes a contraction by the release of norepinephrine from the nerve endings and by direct depolarization of the smooth muscle cells. 28 Histamine depressed the potassium-induced contraction by affecting the former component but not the latter (Fig. 3) .
The depressor action of histamine might be due either to an enhanced uptake of norepinephrine by the nerve terminals or to a decreased release. The finding that cocaine, at a concentration that inhibits the neuronal amine uptake process, did not prevent the histamine-induced relaxation indicates that histamine acts by inhibiting the release of neurotransmitter through a mechanism which is independent of the amine uptake process. This was confirmed by the demonstration that histamine decreased the release of radioactive norepinephrine during contractions caused by electric stimulation and did not affect the release of radioactive compounds caused by tyramine. The experiments with atropine and meclofenamate exclude muscarinic receptors and prostaglandins as mediators of the histamine action.
Two receptor populations, defined as H,-receptors" and H,-receptors, 30 have been described for histamine. In the present study two sets of observations suggest that the depressor action of histamine on the prejunctional tissue was mediated by H,-receptors: the action was inhibited by an H,-receptor antagonist and was reproduced by stimulation with a specific Hj-receptor agonist. Therefore, a dose of histamine which has no effect on basal tension can cause the relaxation of electrically contracted strips by inhibiting the output of neurotransmitter, whereas contractions of similar magnitude caused by norepinephrine are not affected by this concentration of histamine. Higher concentrations of histamine can potentiate the response to norepinephrine and this may be responsible for the secondary increase in tension during electric stimulation. In contrast to the prejunctional action of histamine the effect on the postjunctional tissue seems to be mediated by H,-receptors since it was blocked by an H,-receptor antagonist and since a specific H,-receptor agonist potentiated the contractions caused by either endogenous or exogenous norepinephrine.
In the majority of tibial artery strips examined electric stimulation caused a strong contraction which was depressed by histamine. In a smaller number of strips which responded equally well to norepinephrine, electric stimulation caused a weak contraction which was potentiated by histamine. The latter response is similar to that reported for the rabbit basilar artery in which the effect of histamine was attributed to postjunctional Hrreceptors. 11 The different responses of the dog tibial artery strips may be related to a difference in the density of innervation.
There are several similarities between the responses of saphenous vein strips to acetylcholine 14 and histamine. Both of these substances markedly depress adrenergic neurotransmission at a concentration less than that required to stimulate the smooth muscle directly. Also histamine, like acetylcholine, does not inhibit the release of radioactive compounds caused by tyramine. The release of norepinephrine caused by electric stimulation or potassium depolarization is calcium-dependent, whereas the displacement of norepinephrine by tyramine is not."-" The depressor effect of histamine on the sympathetic nerve terminal therefore could be mediated directly by inhibition of the calcium influx associated with nerve depolarization or indirectly by a change in the resting membrane potential. At the smooth muscle cell membrane calcium influx apparently is increased during histamine-induced contractions, 37 and this may be the mechanism of the histamine-potentiation of contractile responses to norepinephrine and tyramine.
Histamine can therefore be added to the list of naturally occurring substances, including norepinephrine, acetylcholine, angiotensin, and prostaglandins, which have the potential to alter the output of neurotransmitter by an action on the sympathetic nerve endings. This prejunctional action of relatively small concentrations of histamine could contribute to its vasodilator effect in vivo and helps explain previous observations that H ^receptor antagonists do not prevent the hypotensive effect of this substance. 3S -38 Histamine is present in high concentrations in the walls of blood vessels' 10 " 112 and in sympathetic nerves."-" In addition, this substance is released into the circulation during the sudden withdrawal of sympathetic tone 43 "* 4 and following direct stimulation of the sympathetic nerves and spinal ventral roots. 4 *' 47 These observations and the results of the present study suggest the possibility that histamine has a regulatory role in adrenergic neurotransmission.
In the several abnormal states associated with high levels of circulating histamine, such as endotoxemia, anaphylaxis, and poisoning by animal venoms, it seems likely that this depressor action of histamine on the sympathetic nerve endings will contribute to the hypotension characteristic of these conditions.
